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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] 

[0002] Especially this invention relates to the composition measuring method of the suitable buffered 
fluoric acid for semiconductor wafer etching to control the hydrogen fluoride concentration in the 
buffered fluoric acid which consists of the hydrogen fluoride, the ammonium fluoride, and water which 
are used as an etching reagent of a semiconductor wafer about the composition measuring method of 
buffered fluoric acid, and manage an etching process. 
[0003] 

[Description of the Prior Art] In etching of a semiconductor wafer, when using the chemical of hydrogen 
fluoride systems, such as fluoric acid and buffered fluoric acid, since the composition, especially 
hydrogen fluoride concentration affect an etch rate greatly, they need to manage the concentration 
severely. However, when it was going to employ the concentration monitor of the inline type in an 
etching process, there was no contamination by the metal, dust, etc., and the accuracy of measurement, 
sensitivity, the speed of response, etc. had to be satisfied, and there was nothing that can fully be 
satisfied industrially. Since it was such, although the chemical with which concentration was guaranteed 
is marketed, and it purchases this and is made to use conventionally, since the conditions of an etching 
process changed with wafer down stream processing in that case, storage management of the chemical 
of varieties with which concentration differs had to be carried out. 

[0004] In addition, the method of measuring a refractive index and specific gravity and computing 
comi^em^^position based on this is indici^"by"JP^-^5763 as analytical method'onhre^ 
component-system mixed liquor, and this method is applied to methacryloiloxy-ethyl 
trimethylammonium chloride, the acrylamide, and the three-component-system solution of water as an 
example. Moreover, when the method of improving the statistical procedure of the aforementioned 
method is indicated and additive property is in physical properties in a three-component-system solution, 
two sorts of physical properties are measured to JP,6-273306,A, and it is known that it is possible to 
compute composition by the statistical method. However, it is not solved in many cases about whether 
additive property is in the physical properties of what component, and in which density range additive 
property is, and the same is said of the hydrogen fluoride concentration in the buffered fluoric acid for 
semiconductor wafer etching. 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, if the chemical of the varieties by which there is 
no method of still satisfying enough although it is anxious for grasping the liquid composition easily in 
order that the liquid composition may affect an etch rate immediately in etching of the silicon oxide - 
which used buflfere^flubric acid , and in5ein^Tefl ected in etclmi| Qx^ oFrnanaging, 
and the concentration guarantee was offered like the above-mention^lT^ it does not use 

and it is an oak, the increase of** and a running cost etc. poses a problem. In addition, in the range of 
ammonium-fluoridajconcentration 10 - 30wt%, chiefly depending on hydrogen fluoride concentration, <^ 
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the etch rate understands that th e^influence of amm onium-fluoride concentration is few, and by etching 

of the silicon oxide by buffered fluoric acid, temporarily, if it becomes possible to get to know hydrogen 

fluoride concentration on real time, it will become very useful on etching management. 

[0006] Then, as a result of having examined many things about the composition measuring method of 

the mixed- water solution of hydrogen fluoride a nd an ammonium fluoride, . this invention persons find 

out that it is possible to guess the composition with a sufficient precision from the physical-properties 

value which is proportional to the density of a mixed solution at concentration within the limits very 

desirable as an etching agent of a silicon oxide, and a refractive index, and came to complete this 

invention. 

[0007] 

[Means for Solving the Problem] That is, ammonium-fluoride concentration measures the physical- 
properties value (the density itself is included) and refractive ind ex propo rtional toihe density o f the 
buffered fluoric acid for semiconductor wafer etching which hydrogen fluoride concentration becomes 
from the mixed- water solution which is 0.5 - 10wt% 10 - 30wt%, and the composition measuring 
method of the buffered fluoric acid concerning this inventionjciQmpKte,^ of each 

comgMLent by thejfollo wing simultaneous eq^ations from fe 

[0008] nnSeTiiree^component-system solution which consists of less than [ hydrogen fluoride 0.5- 
1 0wt% ]. ammonium-fluoride concentration 1 0 - 30wt% and water, additive property is in the physical- 
properties value (the density itself is included) and refractive index proportional to density, and the 
simultaneous equations which consist of the following (la), (lb), and a formula (lc) are materialized. 
nD =alxl+bl x2+cl x2+clx3 ... (la) 
d =a 2x1 +b2 x2+c2x3 ... (lb) 
1 =X1+X2+X3 ... (1C) 

The composition molar fraction of hydrogen fluoride and x2 among a formula xl However, the 
composition molar fraction of an ammonium fluoride, The physical-properties value (the density itself is 
included) to which in the composition molar fraction of water and nD refractive indexes al, bl, and cl 
are proportional to the coefficient of the refractive index of each composition molar fraction, and d is 
[ x3 ] proportional to density, and a2, b2 and c2 express the coefficient of the physical-properties value 
proportional to the density of each composition molar fraction. In addition, in this invention, measurable 
purge back pressure etc. is mentioned as a physical-properties value expressed with Above d more easily 
than density besides density. 
[Function] 

[0009] From the 1st simultaneous equations which consist of the above (la) - (lc) a formula, the 2nd 
simultaneous equations which consist of the following (2a) and a formula (2b) are drawn. 
nD =(al-cl) xl+(bl-cl) x2+cl ... (2a) 
d =(a2-c2) xl+(b2-c2) x2+c2 ... (2b) 

[0010] The above al, bl, and cl and the above a2, b2, and c2 are peculiar constants at fixed temperature 
here, the physical-properties value d to which a composition molar fraction is proportional to the 
refractive index nD of many known samples, and density - measuring - these data ~ the above (la) - 
(lc) a formula - or (2a) - and (2b) the above-mentioned simultaneous equations are decided by 
applying to a formula and processing by the usual statistical method Therefore, the physical-properties 
value d proportional to Refraction nD and density of the mixed solution of composition molar-fraction 
strangeness is measured, and if the 1st simultaneous equations or the above (2a) which consists of 
aforementioned (la) - (lc), and the 2nd simultaneous equations which consist of (2b) are solved, the rate 
of a class component is computable. Naturally it is necessary in the coefficient of each aforementioned 
simultaneous equations, and the determination of a constant term to make in agreement the adopted 
measurement temperature and the temperature in the case of actual composition molar-fraction 
measurement in that case. 

[001 1] In this invention, if it is in t he refractometer to be used 7 since the refractive index of fluoric acid 
is smal le r than water , it is necessary to use special prism. Moreover, since the quality of the material of 
prism is invaded by fluoric acid by the general soda glass, it is necessary to use the quality of the 
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material of fluoric acid resistance, such as sapphire. As such a refractometer, what is put in practical use 
as an object for semiconductor chemicals can be used. As a physical-properties value d proportional to 
density, although a hydrometry may be carried out, the method of purging more simply the inert gas of a 
constant pressure, for example, nitrogen gas, in the fixed depth in buffered fluoric acid, and measuring 
the back pressure (purge back pressure) according density or specific gravity to the hydrostatic balance 
of fluoric acid resistance etc. is desirable. What is put in practical use as a level gage in the 
semiconductor manufacture process as this kind of an analysis apparatus is usable. 
[0012] 

[Example] Hereafter, an example explains this invention still in detail. The block diagram showing the 
composition managerial syste m of an etghingjcgagent [ in / the etching process of a semiconductor / in 
dfawingl ] and drawing 2 are the block diagrams showing the measurement principle of the purge back 
pressure measuring instrument used for the aforementioned system. 

[0013] As shown in drawin g 1 , it circulates through the etching reagent EQ in the etching tub 1 th rough 
the pump 2 and the humidistat 3. Time series or a per-continuum refractive index, and purge back 
pressure are measured by the refractome ter 4 an d the purge back p ressure mea suring instrument 5 by 
which this etching reagent EQ through which it circulates was connected to the piping section between 
the etching tubs 1 from the humidistat 3. 

[001 4] As shown in drawing 2 . nitrogen gas is used, and the aforementioned purge back pressure 
measuring instrument 5 is purged by the fixed depth of the etching-reagent section 9 by which nitrogen 
gas had the flow rate controlled by the flow control bulb of the gas supply section 6, and was drawn 
from the filter 7 as an object for measurement via the detection pipe section 8. The detection pipe 
section 8 is connected to a level gage or purge back pressure detection 10 [ a total of], and purge back 
pressure is measured. 

[0015] And each measurement value measured by the refractometer 4 and the purg e back pressure 
measuring instrument 5 is changed into a current signal, and is inputted into a electronic computing 
systen^2jhrough an interface 1 1 . The composition molar-fraction guess formula based on the 
aforementioned formula (2a) which defined the coefficient and the constant term beforehand, and the 
2nd simultaneous equations which consist of (2b) is programmed by the electronic computingsv stem 
J2_an input value is processed, the composition molar fraction of an etching reagent calculates, it is~" 
"displayed on a display (not shown) or a printer is carried out to it by this. 

[0016] Furthermore, in the composition managerial system of drawing 1 , th e fluoric acid feed zo ne 13 
and the anmioni um-fluoride so lj^ojLfe,e.d^ one 14 f or adjustment are prepared, operation controTof the 
flow control bulb (not shown) of each fe_dzone^ carried out by the instructions from the 

aforementioned electronic computing system 7, arid the composition is ke pt constant about th e etching 
rea gent EQ in.the^e,tching tub 1 ^ ~ r~~- 

[0017] A 49.9wt% fluoric acid, 40.4wt% ammonium-fluoride solution, and purity are mixed. (Example 
1) the range of hydrogen fluoride concentration 1 - 6wt% and ammonium-fluoride concentration 10 - 
30wt% - 54 sorts (hydrogen fluoride 1, 2, 3, 4, arid 5 and 6wt% --) Ammonium fluorides 10, 12, 14, 16, 
18, 20, 22, and 24 and the buffered fluoric acid of 26wt% of composition are adjusted. Each refractive 
index and purge back pressure (nitrogen gas is purged in the fixed depth in mixed liquor, and it is back 
pressure mmH20) in 20 degrees C of solution temperature are measured, by the technique of a multiple 
regression analysis This data was applied to the above (2a) and the 2nd simultaneous equations which 
consist of (2b), and was processed, and the following guess formula (3a) and (3b) were obtained. nD 
=0.00074x1-0.00151 x2 +1.33767 ... (3a) 
d =1.56250x1+0.87937 x2 +490.22315 ... (3b) 

In order to investigate this guess formula (3a) and the precision of (3b), the fruit side value nD of a 
refractive index and the actual measurement of the physical-properties value d proportional to density 
(purge back pressure mmH20) were substituted for a guess formula (3a) and (3b) 5 and the guess value 
of a composition molar fraction was calculated. When the result asked for relative standard deviation 
with error as follows, it was set to 0.019 by the ammonium fluoride, and was set to 0. 1 13 with hydrogen 
fluoride, and it was checked that it is sufficient precision practical. 
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Set-point relative-standard-deviation =[ relative error valve flow coefficient= (set point-guess value) / ] 
{sigma(valve-flow-coefficient)2/(n-l)}l/2 ? however n: Measurement size [0018] (Example of reference 
comparison) When it asked for the guess formula like the example and the relative standard deviation of 
miscalculation was calculated ammonium-fluoride 0 - 40wt% using 136 sorts of samples of the range of 
hydrogen fluoride 0 - 6wt%, it compared with 0.584 by the ammonium fluoride, compared with 0.205 
and the example with hydrogen fluoride, and became gross errors. 
[0019] 

[Effect of the Invention] According to the above this invention, the composition molar fraction of 
buffered fluoric acid can be measured highly efficiently on real time. It becomes possible for it to 
become unnecessary to keep the medical fluid with which the concentration guarantee of the variety was 
offered like before by this, and to manage an etching process more correctly and easily. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] It is the block diagram showing the composition managerial system of the etching reagent 

in the etching process of the semiconductor which applied this invention. 

[Drawing 2] It is the block diagram showing the back pressure measuring instrument in the 

aforementioned composition managerial system. 

[Description of Notations] 

1 Etching Tub 

4 Refractometer 

5 Back Pressure Measuring Instrument 
12 Computer System 
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(57)Abstract: 

PURPOSE: To precisely estimate composition by finding 
respective composition ratios from physical property 
vaiues (including density itself) and refraction factor 
proportional to the density of buffered hydrofluoric acid 
for semiconductor wafer etching. 
CONSTITUTION: Semiconductor wafer etching liquid 
EQ composed of mixed acqueous solution of ammonium 
fluoride density 10-30wt.% and hydrogen fluoride density 
0.5-1 0wt.% is circulated from an etching tank via a pump 
and a constant temperature vessel, the refraction factor 
and purge back pressure are measured in time series or 
continuously by a refractometer and a purge back 
pressure measuring device so as to be converted into 
current signals and inputted to a computer system via an 

interface. A composition ratio estimation equation based on simultaneous equations (an 
equation I, an equation II, an equation III) determining coefficients and absolute terms 
proportional to the composition ratio is programmed beforehand in a computer system so that 
the input value is processed thereby and the composition ratio of an etching wave is 
calculated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The composition measuring method of the buffered fluoric acid for semiconductor wafer 
etching which measures the physical-properties value and refractive index proportional to the density of 
the buffered fluoric acid for semiconductor wafer etching which consists of a mixed-water solution 
whose hydrogen fluoride concentration ammonium-fluoride concentration is 10 - 30wt%, and is 0.5 - 
10wt%, and computes the composition molar fraction of each component based on the simultaneous 
equations which consist of the following (la), (lb), and a formula (lc). 
nD =alxl+bl x2+clx3 .... (la) 
d =a 2xl+b2 x2+c2x3 .... (lb) 
1 =X1+X2+X3 .... (1C) 

However, the coefficient of the physical -properties value to which xl is proportional to the physical- 
properties value to which in the composition molar fraction of water and nD refractive indexes al, bl, 
and cl are proportional to the coefficient of the refractive index of each composition molar fraction, and 
d is [ the composition molar fraction of hydrogen fluoride and x2 / the composition molar fraction of an 
ammonium fluoride and x3 ] proportional to density among a formula, and a2, b2, and c2 are 
proportional to the density of each composition molar fraction is 

[Claim 2] The composition measuring method of the buffered fluoric acid for semiconductor wafer 
etching according to claim 1 which is the purge back pressure at the time of the physical-properties 
value d proportional to the aforementioned density purging the nitrogen gas of a constant pressure in the 
constant depth in buffered fluoric acid. 

[Claim 3] The composition measuring method of the buffered fluoric acid for semiconductor wafer 
etching according to claim 1 whose physical-properties value d proportional to the aforementioned 
density is the density itself. 
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